Symptoms and Lung Function Following Acute and Chronic Exposure to Tolylene Diisocyanate Acute iespiiatory symptoms following exposure to tolylene diisocyanate (TDI) are well recognized (Fuchs & Valade 1951 , Gandevia 1963 ). Munn (1965) suggested that chronic lung disorders might occur and this paper considers these longterm. changes in acutely and in chronically exposed individuals. The former comprise a group of 36 firemen who fought a fire at a polyurethane foam factory and were all exposed to a heavy concentration of TDI when a thousand gallons of the liquid leaked on to the floor of the burning building in a space of rather over two hours. The second group were 25 factory workers using TDI in normal industrial applications, probably mainly within the threshold limit value of 0-02 ppm except in isolated instances when there had, for example, been a spillage. All of this group had complained at work of acute symptoms attributed to it and so came to the notice of one of us (H J D). Group 1: Acute Exposure T4.e fire started in a storage section containing polyurethane foam for mattresses and no symptoms were noticed, until it spread to the production department and the TDI was released into the atmosphere. By the nature of things other chemicals may have been released in small quantities, but subsequent analysis of the firemen's movements suggested that TDI was the only toxic chemical likely to have had an effect on any but one of the individuals. The concentration of TDI itself must have been extremely high, but one cannot entirely exclude the possibility that the heat of the fire resulted in chemical reactions releasing other substances in addition. The pulmonary ones were chiefly cough or tightness in the chest, usually with breathlessness. The gastric symptoms were nausea or vomiting and some gastric pain. The acute neurological symptoms were mainly euphoria and ataxia and 2 men lost consciousness. Five of the 6 with the acute symptoms and 9 additional men developed late memory and concentration difficulties usually one or two days after the fire (see discussion).
In Table 2 the chest symptoms are divided into those arising either in smokers or in non-and exsmokers. The immediate cough is confined almost entirely to smokers and chest tightness seems much more common in smokers as an immediate symptom. The delayed symptoms are more evenly distributed between smokers and non-smokers. -005 -0-08 +0-2
We measured the peak expiratory flow rate one week after the fire and the forced expiratory volume and forced vital capacity three weeks after it. All tests were repeated in six months. The results (Table 3 ) on average approximate those expected for these men and show that there is no marked change over six months, suggesting that the disturbance of ventilatoiy function, if it occurred, was probably transitory. However, in six months an unexpected finding was the onset of regular sputum for the first time or the aggravation of pre-existing bronchitis. Table 4 gives details of 4 men, 2 of whom were non-smokers and in their 30s, who produced sputum only since the fire. The ventilatory capacity (Table 5 ) shows a reduction in the six months following the fire in those with the onset of sputum compared with the rest. In addition to Section ofOccupational Medicine these men, 3 who had some simple bronchitis before the fire claimed that their bronchitic symptoms had been made worse.
Group 2: Chronic Exposure Of the 25 workers employed in industrial processes using TDI, 3 were rejected from study: 2 because they had clear evidence of asthma before any exposure and one because of severe permanent obstructive airways disease whose onset also predated exposure. The remainder had an average exposure to TDI of 2-7 years (range 03-7 0 years), 5 being exposed for less than a year and 17 for more. Their average age was 47-4 years (range 25-62 years). All but 3 men had been taken off the process on account of their symptoms and 11 had had no exposure for at least one year before our examination. The mean time between ceasing exposure and our examination in the whole group was just over 21 years.
The commonest presenting acute symptom was tightness in the chest (16 cases Change in sputum production was again the most interesting observation. The top section of Fig 1 shows changes in bronchitis grade based on answers to the MRC questionnaire on respiratory symptoms. Eighteen men had no sputum before they experienced their acute symptoms in the process. This is a low sputum prevalence for a group of average age 47 yeais, but can probably be accounted for by pre-entry medical screening for chest disease. Of these 18, 2 subsequently developed simple chronic bronchitis in the MRC classification (Medical Research Council 1965) and a further 7 developed symptoms of chronic mucopurulent bronchitis: that is, persistent sputum with one or more attacks of purulent chest illness resulting in absence from work for at least one week. In addition, of 4 men who admitted to some simple bronchitis before they started working in TDI, one progressed to chronic mucopurulent bronchitis. The lower part of Fig 1 shows the smoking habits of these men. The smoking history of the group without bronchitis or in which it did not deteriorate is not markedly different from that in which bronchitis appeaied or progressed.
Sputum sections were examined for eosinophils as it seemed possible that regular sputum production might be related to sputum eosinophilia, but Table 6 shows no such relation. Table 7 shows the results of lung function studies in the group. The FEV1 is 04 litre lower than the average normal value for a group of this age and height. But the appropriateness of predicted values is never certain, and the most that can be said is that a small ventilatory defect may exist. It did not appear to relate especially to those with bronchitic symptoms.
The ventilation (VE) on exercise is a little higher than expected, but in the presence of a normal transfer factor this can probably be ascribed to the subjects' inexperience with the test. Other lung function parameters are well within normal limits and give no evidence that functions besides the ventilatory one are likely to be affected in this group.
Conclusions
(1) There was a high attack rate of chronic bronchitis as defined by the MRC classification both in those acutely exposed to a high concentration of TDI and those repeatedly exposed to a low one.
(2) There is no evidence that lung function other than ventilatory capacity was being affected over the long term, although confirmation by prospective studies is needed.
(3) Neurological symptoms including euphoria and ataxia occurred acutely in a few men and difficulty in concentration and a memory defect persisted in 14.
Dr W G F Adams (ICI Hillhouse Works, Thornton Cleveleys,
Lancashire)
Lung Function of Men Engaged on the Manufacture of Tolylene Diisocyanate (TDI) An investigation into the lung function of men engaged in the manufacture of TDI was undertaken because of recently published work by Peters in which he stated that the lung function of men handling TDI in good conditions was lower on Friday than the previous Monday. He also demonstrated cumulative diminution in lung function over a period of six months. Gandevia (1963) demonstrated this lowering in lung function in TDI workets ovet a week, although Williamson (1965) did not corroborate this in a similar investigation. Unfortunately the concentration of TDI was not known in either of these investigations.
The present investigation took place in a works housing two TDI manufacturing plants and involved a total of 175 process and maintenance men whose duration of employment ranged from two to eight years (average 35 months).
Spirometry was done with a Garthur vitalograph, annual readings being started in 1964 and continued until the present date. An attempt was made to avoid seasonal or diurnal variations by taking the readings of each individual at the same time of year and always between 2 and 3 p.m. on a Tuesday afternoon.
The plants are frequently monitored throughout the 24 hours for TDI in atmosphere, and it is uncommon for TDI above the TLV (002 ppm) to be detected, any exposure rising from spillages, contaminated clothing, &c.
The statisticians advised that, until the figures for a control group were available, the most meaningful variables to expiess would be: (1) Actual FEV1 minus piedicted FEV1. (2) Actual FVC minus predicted FVC. The predicted values were obtained from a nomogram devised by Kory et al. (1961) . The actual lung function readings were found by taking the average of two attempts on the vitalograph.
Results
It was found that new employees had, on average, a FEV1 327 ml lower than the predicted value and a FVC 196 ml lower than predicted. The statistical method used was that of regression analysis.
The average annual deterioration in plant men was found to be: FEV1 31 ml, FVC 51 ml. As, using this method, the average annual deterioration should be zero, these figures appear to be significant. It was therefore decided to examine 37 laboratory workers, as samples of TDI are examined iegularly in the laboratory. Once again, the actual readings of both FEV1 and FVC were lower than predicted in new employees with no possible exposure, the FEV1 being 247 ml and the FVC 71 ml lower than predicted. The average annual deterioration in the FEV1 was not significant, but that of the FVC was 62 ml.
The figures for both groups indicate a definite trend towards cumulative diminution of lung function; an initial, brief examination was therefore undertaken of individual readings. Of the 114 men who had sufficient readings to give significant results, 5 showed deterioration in FEV1 and FVC, 3 showed deterioration in FEVL only and 8 in FVC only. These figures are significant at the 5 % level.
